Introduction
The steppe polecat (Mustela eversmanni) occupies the plains of the USSR, Romania, Hungary, Czechoslovakia, Yugoslavia, and eastern China. Wild populations of all 3 species of ferrets are in decline throughout much of their range and the black-footed ferret (Mustela nigripes), to which the steppe polecat is most closely related (O'Brien et ai, 1989) , is near extinction. Captive breeding may represent the only hope of maintaining genetic stocks of some species or populations. However, a detailed study of reproduction in the steppe polecat has, to the best of our knowledge, never been undertaken although a few anecdotal descriptions have been published (Schmidt, 1932; Novikov, 1956;  Stroganov, 1962; Carpenter & Hillman, 1978; Zheng et ai, 1983) . Therefore a more compre¬ hensive understanding of its reproductive biology would appear warranted and should provide a more accurate assessment of the similarities and differences in the reproductive biology of ferrets. The objectives of this study were to define the breeding season, oestrous and testicular cycles, and duration of pregnancy in the steppe polecat. An additional objective was to examine a non-invasive method for monitoring the oestrous cycle by measuring urinary steroids.
Materials and Methods
Animals. Twenty subadult steppe polecats (Mustela eversmanni) , from 3 litters born to polecats obtained from Russia, were received from Wyoming Game and Fish Department on 3 August 1987, when the animals were 3 months old. Six females and 4 males were placed in a windowless animal room in which the photoperiod was controlled by a Tork Model 7122Z light timer (Tork Inc., Mt Vernon, NY, USA) that was set to simulate precisely the natural photoperiod at our latitude of 46°43'57"N. An additional 6 females and 4 males were exposed to short-day 8 h light: 16 h dark (8L:16D) photoperiods for 2 months followed by long-day (16L:8D) photoperiods for [4] [5] (Robinson, 1918; Hammond & Walton, 1934 (Shideler et al. 1983; Czekala et al, 1988) . Oestrone conjugates in undiluted urine (001 ml) were measured using antiserum which cross-reacts equally to free oestrone, oestrone glucuronide and oestrone sulphate (anti-oestrone glucuronide, 001 Serial dilutions of urine from oestrous polecats were assayed by RIA for oestrone conjugates and found to be parallel with the standard curve (r = 0-99). Oestrone sulphate (sodium salt) (150-1250 pg) added to urine from prooestrous females was recovered at 100-120%. Inter-assay coefficient of variation was 10-6% and 8% at 93% and 57% binding, respectively. Intra-assay coefficient of variation was 4% and 1% at 22% and 65% binding, respectively. Sensitivity (zero minus 2 s.d.) was 39 pg.
Unconjugated progesterone was measured using a modified method of Abraham et al (1971) . Undiluted urine (1 ml) was extracted with 5 ml diethyl ether, dried, and reconstituted in 1 ml phosphate-buffered saline (pH 70). An aliquant (0-5 ml) was combined with progesterone antiserum (antiprogesterone-11-hemisuccinate-BSA, Olmi, 1:100 000: S.S.C. Yen, San Diego, CA, USA) and tritiated progesterone (01 ml, 10 000 c.p.m., sp. act. 115 Ci/mmol: New England Nuclear, Boston, MA, USA). The standard curve for progesterone ranged from 7 to 2000 pg. Bound and free labelled hormone were separated by incubation with dextran-coated charcoal as previously described. Crossreactivity of the antiserum was: progesterone 100%; 5ß-pregnane-3,20-dione 13%; 5ot-pregnane-3,20-dione 5-2%; 17a-hydroxyprogesterone 1-5%; corticosterone 0-9%; 20a-hydroxypregn-4-ene-3-one 0-65%; deoxycorticosterone 0-5%; androstenedione 1-3%; other steroids tested <01%.
Progesterone values in serial dilutions of urine from animals at mid-gestation were parallel to the standard curve (r = 0-99). Tritiated progesterone was added to urine of females after copulation and purified by Celite chromato¬ graphy (Abraham et al, 1971) ; the unlabelled and [3H]progesterone eluted as one peak and were quantified. Celitechromatographed and non-chromatographed urine yielded similar amounts of progesterone (847 and 999 pg/ml respectively); therefore the progesterone assay was performed without chromatography. Recovery of added pro¬ gesterone to urine from a pro-oestrous female was 100-140% (r = 0-99%). Inter-assay coefficient of variation was 13-6% and 7% at 45% and 25% binding, respectively. Intra-assay coefficient of variation was 7% and 8% at 17% and 43% binding, respectively. Sensitivity of the assay was 15 pg.
All concentrations of hormone are expressed as ng per mg creatinine (Cr) to correct for variation in urine concen¬ tration (Taussky & Kurzmann, 1954 (Fig. 2) (Fig. 4) Urinary progesterone remained at baseline levels 0-27 ± 002 ng/mg Cr) until 2 days post coitum, when progesterone concentrations began to rise (Fig. 4) . Concentrations of progesterone reached a peak at 13 days post coitum and remained elevated above baseline until parturition. Of 12 females that had mated, 3 were apparently pseudopregnant as they exhibited vulval regression, vaginal cytology and mammary development similar to that observed in females that gave birth to live young. The only pseudopregnant animal in which urinary steroids were measured had oestrone conjugate and progesterone profiles equivalent to those of pregnant females. All 3 females and an additional female whose litter died within 4 days after parturition returned to oestrus within 6-25 days after the expected date of parturition (Table 1) . No attempt was made to remate any of the first 3 animals whereas the 4th animal, whose litter died, was successfully remated and gave birth to 6 live kits.
Of 6 females maintained in a natural photoperiod, 3 returned to oestrus in early August after their 10-11-week-old kits had been removed (Table 1) . One of these mated successfully, and subsequently produced a litter 39 days later. No attempt was made to mate the others. Ryan's (1984) (Heap & Hammond, 1974) , with levels peaking near the time of implantation, declining during the last third of pregnancy, and reaching baseline levels at parturi¬ tion. Urinary progesterone and oestrone conjugate exhibit very similar patterns throughout preg¬ nancy. The marked elevation of oestrogens during pregnancy has not previously been described for the domestic ferret (Heap & Hammond, 1974) (Zheng et ai, 1983) . Under laboratory conditions, pseudopregnant females or those that lose their litters within a few days after parturition can return to oestrus (Tumanov, 1977) . This has also been observed in other captive mustelids such as the European mink (Mustela lutreola) (Moshonkin, 1981) , mountain weasel (M. altica) (Tumanov, 1977) , and striped skunk (M. mephitis) (Wade-Smith & Richmond, 1978) . Moreover, Lui & Yang (1981, as cited by Zheng et ai, 1983) reported that 50% of their captive steppe polecats produced second litters, which is similar to our observations that 50% of the polecats exposed to a natural photoperiod came into oestrus after removal of their 10-week-old kits. The discrepancy between single litters in the field and multiple litters in captivity may be due to enhanced nutrition and a less rigorous life style in captivity.
The reproductive cycle of the steppe polecat bears many striking similarities to and a few slight differences from 2 other closely related species, the black-footed ferret (Mustela nigripes) and the domesticated European ferret (M. putorius furo). All 3 species appear to have gestation periods lasting from 39 to 45 days and may in fact not differ from one another. However, Schmidt (1932) reported gestation in steppe polecats as being [36] [37] days. The differences between our data and his are too great to be reconciled by differences in the manner in which the first and last day of gestation were determined. The vulva of M. putorius becomes quite enlarged at oestrus, whereas that of M. eversmanni and M. nigripes exhibits lesser degrees of swelling (Hillman & Carpenter, 1983) . M. eversmanni and M. putorius reportedly interbreed in the wild and are known to do so in captivity (Ternovskaya & Ternovskii, 1977) . Onset of the breeding season of all 3 ferrets is remark¬ ably similar and usually begins in March. However, domestic ferrets can remain in constant oestrus for up to 6 months if not mated (Marshall, 1904) , whereas our polecats appeared to exhibit oestrus sporadically and never remained in oestrus for more than 30 days. Less information has been published regarding the oestrous cycle of the black-footed ferret; however, it reportedly is monoestrous (Hillman & Carpenter, 1983) and only produces a single litter each year. Litter size is generally greater in both the domestic ferret and steppe polecat than in the black-footed ferret, whose largest recorded litter is 6 (Anonymous, 1987 
